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[ISM] rtEflHBKftfctti&LTSjis^ * ? ntwtfc 

t-ISg?n/j, %\mt&&m (2 3) is i 2 SHb 

(25) zixhnmit^m^ormzmititc 
+®m (24) t , rmm od t , «s® 02) 

lit, ^s^owncjii^ffl^ m lmtsmmn 

%im%mx^} %m <o mm t= it l t * g c ae \z mvi z 
ami- * * tctttt ^ rmm u*« s ft* 

(2 2) fc-t^ggHS^WlC^^ft^lg 
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^22 ai 
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(b) 



(2) 



ttflB 2 0 0 2 - 3 1 9 1 1 2 



1 

EfflS^fc, S 1 SffcSSJBiJ J:W f »2SBfbi*Bt, 

<o& itxftnmt u ft £ r is^Si^b* * -f 4 5& 5pc 

*itfc» i iWRKsi-fltAfljuffia 

[si*jB2] s^c, ink* i roii. mm%.mn 
tbmmts * anwK* 2 ^mmr-mm $ titzmrtommiz 

Ofig^fit^*- y Ko 
[ft*Jl3] MiZltt<DMn->-n> KO#*lilWK* 
1 * fc(i*2*«i:***SSft-cv>*ai#£2 i:E* 

[W?RJ15] irfB+KS^ Be, Al, Mg, C 
a, Cu, Au, Ag, Rh, Rui'i^I r)>'f.5:i 

4» 4 UlE*0«*tStfta*^ 3T Ko 
[i§^JR6] ffiE*IHW«i, -5-ft-rftMESii lfiBfbi 
S« $ li* 2 «ffci 1 «0» 1 

fc, BJfS 1 1 *EISt::&£ft*:g2tt I IS]«£«-^- 

«<■ 3 m mm * m-tz m *«i (cettottfttftnob*^? 

Ko 

[»*«7] mrse»i + wei±c u, a u> a«, r 

h, R u «fc I ri>f>i:4SJ: •) jg#v£ it&^fc < £ 

1 m<r>&mfrbMf&2ti. tft&m2 frumnB e , a 

I, MgJ3J:t>'C ail^ftSffJ: •) SiR £ ft<&4yfc < i: 
$b»^-y Ko 

[H*jg8] mrEfiawa*, KftWB-c^jssft-c^ 

1 izmmnmnmmm^ v k. 
IW*jI9] «rEBHbto»a f , Ai»fbto, sigHb 

», Fe&fb», Cr»fb», TaSftft, N i 5Hb% 

fc«tt3b*^ y Ko 

I«*aiO] *rKBHb1WiOl¥SI±tt5 nmftTt 
*£W#ffl8 KEKO&^igjftg&^y Ko 

fcii-f-vfbtt*] oflMIL tfcli [&wi/Kfbtt« 



2 

Ko 

[fi?i*rH 1 2] ?ftEfiSfbftfSri f , A Ittftft, S i SJ 
fttt. FeSSfblS). USHKffctt. TaSJrfb 

C r S3: fb^-fc «fc W N i BUM*** <b 4- «ffii) 8« 3 

#i*ii>&<.£ i 1 wrjKias#LTt»4»*a 1 1 ueit 

i [y*S5 2 SSffci E&JS «r £tre*tfttt:Sb*KO h 7 y * 

10 fei6 if ^2etfbsa^[ciiKMui^-^(fi]!;s*Ki^7ji4 

1 K/<-f TXSitt 4I8*« 1 U 

E«WfiS«lSt/t«J*^ y Ko 
W*S14] $^>U, ^ESSHSffciaSO h9 -y 
^B*|fiJUj&7mJ»«BU«L-CffM$*L, frE® 1 SSfb 

Rtem&l&t. mlE^2figfbeS®co h v y 

?& t MSS^UJS LtM & it, tteiR 2 SHbS fi^ (CB»f 

20 [ffi^il 5] fEli^glw^HfittIi:iot 
lu E« 1 mfbi Kft* $ ^4 SS*»*tto*fii t . 
flUE 1 «W» 2 (ORSifigttBgir i oTjtE* 2 iS^bS S 

*^-y Ko 

16] fitrE 1 itco^ 1 OSttetlHOE 
Ml, i5iD-'HtfEl ^<75^2coS?i^t±^HOSgSt3i t > ^ 
0 . 5/1 mJilTr-*4»5}£Ji i 4 KlE*W«*USiltS&* 
^ y Ko 

30 [n^« i7] jtrE i Jtos i oRssaitKMoE 

St, iJiCTWEl ^<0^2coR?tSH4Si^OSgSi7i J , ^ 
0. 2^mJ^TT-*4»*«l 6'»cE«oeSt*ggt«b* 
^ y Ko 

[R#JR1 8] ftCttlKeflUKflcj:. SitJS^EIi^ft: 
[0 0 0 1 ] 

Kis i i^Sit«i»Efaw^»«(;B8i- 4 0 
[0 0 0 2] 

[tt*<0tt^i] ifi#. HDD4riT<oe«E»«Eft:UiJW» 

■cii, SEit^ : J^<b34 ^ .feil^^ciI^r-^^o WE»««^ 
tcl* o TE^JSE^t-Efi S Ef» t* y h * -f $ 

50 si««-pi4<4oti/»4, Z0) mmm 
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3 

[0003] gt£-ei±. [iSfk@*® /+Rfl 

>/N-;urS!MR (SV-MR) ^ -7 K7»*±»££fc LTi- 1 
:OSV-MRa» KliMR^7 KUJt'<r2fSJa 

[0 0 0 4] ^<OSV-MR^7 Kli, 1 *t<OES&-> 
- ;U KOHCSSft 7 7"?r^LTS V-MRI^IS 
Lfc»a**i-4. ffi#OSV-MRA7Klil 
*tO^&tf>fb s V^(DBDI*|t--fe VX^iE&il^-f -2>s v> 
t>i9)*C I P (Current -in-plane) -MRA7 Kt LT 

10 0 0 5] &i£-c(±, i nn-gMfrh S viicit 
t_-fe V^Hi/f £a®-f.&, I'WJCPP (Current-pe 
rpendicular-to-plane) -MR^7 KA*$85K£;rt"Cv>» 

* 0 zv?miL^*^t\zx^ $h\zm%mm\m 

(MRSEffcsp) **|ft|±i-«to-C, JlSvws? K&TjT^fS 
[0 0 0 6] — Ml*im^:f5i$->x-r^t;i5^rf±, 

aaa<D^K>uiais«jso(6j±7i*is#ujfi-^v>rv»& 0 

£*U SEEiiSSttt S V-MRa? f-'t «ritt*-frfc* 
[00 0 7] 116 (a)JsJ:r>*(b){±, SEEIS& 

^sc i p*- fwsv-mra'7 Kwfliiis-^-r«iEB& 

lf*J. Ell 7 (a) HXXf (b) l±, fii-fiii 1 
6 (a) iJiC^ (b) OS V-MRa-; KJCfc *)ftbtl 

[0 0 0 8] ^iibOv^f ACU^tli, ffitliSt^iJ 
J:cn8*->-^ KWOHMF + v -fitWUM t * -f* 

E» -> x x a t {, figf btes r m - ? £ * -r a & * &ff* 7> f 
Wert- z> tz tb \z (i , -> - a> k n u is it <b *l & s v m 

[0 0 0 9] 116 (a) l±SEES^,ISiivXxAHv 
>^SV-MRa 7 K£Mffl Lfzi><DX-<hZ> a m 1 6 

(a) Uiurvc, SittEflW 1 KJtifij-f *J: 1 o 

OS V-MRKl 0* { 8Sft<btLr>/>So SV-MRS1 
Oti, R&J&ttJf 1 l/fcf>Jf 1 2/X^--ir@ 1 3/ 
7'J-H 1 4 £»® L SV-MR 
RlOMU 1 ttOEB$\.v-;l/ K 1 5. 16IHHCE«Sfl 

[0 0 10] :Oy^fifli, 111 7 (a) IZTFZtl 



4 

t pi $ i ; @ i mn t- f - f *• # 1- a & X ma m z tz *> 

itz. ffi*«)S V-MRA-/ KliiP^RSiiBttlS 

i i fctf-r a /.:*>, ^*o^fei.is-i2ft(;*-tcDLT3ife+- 

■V -y -fiftZ, Z. t * { [SttT-4)* t ^ r D 1?3A { *>o^ 0 
[0 0 11] Ell 6 (b) liSE5»^EI.?r>Xx iUf 
iTi^x^-fys V-MRav L/:tOt 
111 6 (b) (Ciii^T, ffiEEJi® 1 Ui=f|6]-f *> 
10 J;i(:, l*tOSV-MR8£l OtftSLlfhtlX^Zo & 
SV-MRKlOli, HI 6 (a) £H»«:*#1fii* 
^r-TSo 1MOS V-MRIl Oli, 1 **OfiS^i->-;U 

ki 5, i 6 wicgess atv^„ 

[0 0 12] COvX-r^T-li. 2o«0SV-MRl^ 
HfbSlf^^-tirT, HI 7 (b) (C^^n-SxtT U{J£*0 
ffil*UK&S£i! v x -r A c> 4 O b b iht) i&B £ 

y ycf t: 2O0S V -MRm* t Bf$.2tl2>tz*>, 

20 $,o^ 0 

[0 0 13] 

[ftWji'JS* L J: ^ t "*■*»«] *%^Og6Ul±, «IB 
[0 0 14] 

rnrie^ 1 «BfteSili3iO f ^2fiB^eS^tii«#:^t>o 

?ix<nm\tiifa<r>mt\zfc i: ra*is«:«i* a 

40 [ooi5] *awoteo»«i;«&Sitt«jKE»s^ 
«B(i. SElS^Eit«E*t, SStt«ES«flE(=WlPl 

.[0016] 

i%w<onmmm] *&w<nmm.fm\zvkzm.%^v 

Kii, ^uSfbiS^ ($i7'j-i) fcj:r/«2«<b 
iSd ($2 7'j-i) t, :fnb«7'j-I«Ki:tt 

*K»j;*ii[n*iie«:a«+*» i «t end 2 

50 t**i-4 0 -fftte*,, C08SjRJStt:J»*Rli, CPP 
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-MRMX-$>2>„ 35 1 7U-fg, «t» WB 4i J: VSff 2 7 'J 

iSHB, + S$2S*fb SEEDS, RifVOJIR-C&ISffl 
3i»c»IIikaJB $iiT^4 0 SSI 7'J-^iiii>*^2 7U 

-s<o«ffc*iniii, *«f* l< itm\M.immm a« 

X 1/8(2 7'J-Jf li, SH-'WfiBft^f&KOSEft^lDfCB 
[0017] 2f:HSSfl*g!<DB^'s y K(0-t > > > ^BB 10 

^u-k cot*. *n*sjBisoaft^-y hi, & 

[0 0 18] S17U -§^^^2 7 ') -SKfifrMO 
*ian:«***tt*ft#i-4uii, ttTOii ft Wit** 
affl£*i4o 20 

[0 0 19] ttxlf, »1 7'j-Jg, *PM"£J:cr* 
2 7U-*-C3g|fi**t4«jR;*SSt«I*BtOWai»H lit 

[0 0 2 0] 7';-«<£>MJSSBl-«LT lit 

cOR?45S14^«rl5;ltr^ 1 7 'J — /SOMJSoBOJg'fbSrEI 

t4<0^f6]W^-f^JSli, 6 0° -12 0° Oj|ffl-C*tl 

[0 0 2 1 ] COJ:dirL-CiajR**tt**#-5-StLA:* 
1 7 , ;-Si3 < fciy f S5 2 7'J-Bli, ^-oiftJifiitss* 

fc»**tt*tti-rc t tf { T-£4 0 ftfc, i«Lfc»17 

') -Sis i yf» 2 y <) -m^<nQl%mu&<r)tt5-<Dti:?i 

Kfist-c, HftAflRaTMtfltaat^msit**', -to 

[0 0 2 2] 7M-/ili, WtifCo, Fe, N i *><b 
ft & itz\t%tib <D&±m £ 4 a&«te*m 

UAfrWUJi. C 090F e 10 (a t %) , C o F e N so 



6 

i > N i F e , Fe, Co. Nift f X'$> 4 C 

[0 0 2 3] y ') -SrtSBUAJV^-CX e>ficffSjcfSLeO?jb 

#£iui-j'L-i&ic, ssi y) -m*s£tf®2 y*)-®* 
[0024] [aetss/sseisB] ofao? u -ii: 

(i , [NiFe/CoFe] , [Fe/NiFe] , 
[Fe/C o F e ] ft f^a*^^*^ ^ *i-4o 
[0 0 2 5] [SfeiSttV/^Btta] WfB«7 

*£\ ItHcSttJBii, Au, Ag, Cu, Ir, Ru, R 

h. Pd, p t %£'<r)n&mfr c 3Mmzti2> 0 

iLTIi, [NiFe/Au], [NiFe/Ag], 
[CoFe/Cu] , [Co/Cu] , [Fe/A 

u] , [Ni/Au] ftt^(f^tl4o 
[0 0 2 6] £/.:, 7 'J -)ft;, [S6t3:«/R u/ett 

S] ^<bft47i >; * y 7*y • 7 «; -i§ (-> >-tt 

<v> . -7 .j _jf ) SrfflVK Ms • t f| (fi&fO&fb • W 

[0027] *»wo*ift3Ka8HiJv»rj±, » i 7 - 
8, +IB*iJJ:W**2 7U-««:*tffiBSM6ijt«l*K* 
*fctrJ:-5K, T»*i:««lit* t Kttc,it4. Ti&Ji i 
tliSIStLtli, TaftfO£Jg«, 7 -J§<o$*; 
«^tt*fa±S*4ffc«t!feTttl*, 7 'J -J§ OftAE 
|6Jtt<:l*]±$**E|fiHSfe«lflP«. m^OSIBRfta**: 
^Jffl-f4^«6<75SIMR|^ tfm^h 
tti, 0 IfcfiBttT^S^Ii, N i soF e 20 (a t %) 

(/!-TD-f) , iimKCoZ rNbirmi. 
*T-4c ElfiJSSUfflieuii, [Ru/Cu] , [Au/C 
u] , C u, NiFeC r^Steftf^ithho tfefiS'tt 
Tl&Jf Sf/KfaifilJfJq/ii;. ^Hlfs^S, 5 4 9. 9 7 8 
l-^^?tiri/->4 undercoating film <7);fr£|-£fflv>£ 
:HT*l4o ^^*a7-ii:ii, y -Fe 203, F 
e 304ft t' (OF emit® \ T amtVo \ N i mt^} \ C 
r203^C r 02ft t'(DC xmVfo ', M nKfbfeftt'* 1 
*t4 0 

[0 0 2 8] ±j$L7t7.^*a.^-Sti, 7'J-^i^ 

librae t-jf A-f j:i A f nrsfe -c* 4 o * mm * 1- x ^ 
ta5-iitiiiaLfcn ft*e#t^3!» { jfA?^4* 

HUB t LTliC u® ft t'>o J B.< fflv>«bix4o ;<Oii<0 
^JS14i*Sfi t t , HIS<OllS.|i 1 n mVXTX'ibh Z\ ttftfr 

i2 7'l — ®f)$fciS^ ! lft±75 f (n]±i"4o 
[0 0 2 9] ^mSCisv^a, 

tb*tr-^*fl[« (pwso) */h$<wx4ct* t -c 
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10 0 3 0) C.eOi&£\ 1 **<7>Jg^y->u K<£>&*£$8 

i * li m 2 m« t ««w izmm-tzzt am 1 1 
<^ 0 znnotcmf&x-tt. main? k*— mi 

tCPP-MRI^OCT^iilf^, 
[0 0 3 1 ] &jb\ ^5IW<0|tSfiff^t;^ -5.^^ -7 K 
|-j3V>T, 1 *f<7>fiB{kgE&H (7»;-JB) tCfc-a-CfiSft 

- >i> K S:«B&i- * £ t * f T- # h 0 
[0 0 3 2 ] .^Pflgt^, ®lxl4*B e , A I , Mg. C 
a, Cu, Au, Ag, Rh« RuJ3£0 f Ir7»*<b&a 

+#ftv»*tf 7'J-St«f 
HJ| t OH 0#lt* £ &- 7, fc: > {Rffffca 4- » -2. £ t * f 

[0033] <t>imj|i±, ztiftits imit&tomttM 
% 2 mits mm tm-rz> ift<om 1 + wst, 20 

1 + *L4 J: 7 KffMS;h./.:S&24 3 HJii:£# 

tr 3^*igt L-Cfc 4v>„ Sltrii^C 
u, Au, Ag, Rh, Ruj^tfl r*t>4*Sii) 

mm2tiz'j>%< th 1 u *2*n* 

£B e, AU M g J3 J: C a 4 J: 9 SIRS ft 

[o o 3 4] *&yie>m<nntfsMm-&^ri3., fiaim 30 

U»ffc»«*fflv*T<> 4v>„ ffi*C«£t*(i«K 
14, »17'J-1, Rffc«N'IH|JiiJJ:tr*2 7 

A l'HHtWfcfcxIXA I2O3, S i»ffc«?t£;UfS i 
0 2 , TaRfkfe, C r A l*C r 02, FeS 

fk&fcfcAtfF e304, 43 4r/^nrx* 4 YW&Wfo 
^UlfLaSrMnO (LSMO) **<bfc4#J: ») jg 

[0 0 3 5] *5&WO*fc<0||i6JKSUJ3V»TJ±, tfflJS 

v>o ±K*>»<fc»»Kli, A 1 HMfcttfc *. 

f4*Al 2 03, S i Kfk»7tfcx.»i'S i O2, FeBHfc 
», Ta8tfk&, Ni&fktJ, ^n/XA^ M^ft 

t <> lmtfm^bti&o z<dwi&. ±.u±Kmizit* c 

u, Ru. Ag, Au, Ir, is 4 £>*R h rt' <b £ 8f 4 50 
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^i4, 7'J-«o»fk«rWHHJ • Bih-fio rWft*. 7 

[0 0 3 6] WT. Hffi*fcS?Xfc5a f fc#*iH*>*EiM5 

* (CP P-MR) 's-y KfrgfrttftlBI (ABS lair- 
bearing surface) UfiilE&IIT #Jltlr L /-lyfSHt'i) 
£0>EU-i5V>T:, x 14 r- 7 -y ?S:£|q], ylil-77 

i«0CPP-MR^y Kl±, Sififfig^ieiSvX-r^ t;f$ 

[0 0 3 7] HI (a) I^JfiJiTi:, icoCPP 
-MRA-/FIJ, TSMMlv-* K2 1 , m 1 2 

2 , Til 3 1 , $ 1 jsfki &m (ii7'j-i) 2 

3, **ttlN»tt«-#-CJK«Sti^:X^--«)-JB 2 4 , » 
2«SfkgS^ (I2 7'J -g) 2 5 , fSSJl 3 2,^2 
1S2 6, i3 J: tr±SBK^: v -*K2 7 trJO^tm L 

[0 0 3 8] CPP-MRI^Wt4, *17'J-i 
23tg27';-125> iJit/^n.^Uftfn^X^ 

o-ci/^o $1 7'j -g*5 it>**2 7 -sti, m^ie 
is^^jc fei.t * it r ^ a k & o -c ssfka* s * u 
tc:-^-ra 0 ^je-t s ± "9 ^ 1 7 -« 2 3 7 

[0 0 3 9] ^1 m@2 2 , T^g 3 1, £ 1 7 'J -Jf 
2 3, X^--9-^2 4, g27V-125, 3 
2, i Zfm2 6CAB S^<b z 7J[6]t:StfL^f5 

S^ti*ft^)Bi2 8 7J f ISttt>#x.Tv>So C PP-MRRi: 
(i*im®2 2 tg2Hg2 6t-«t ►)SI®irSii:tC'Sy!L 
A { BE?n* 0 ZtibW&mtott&KU. ±i:Cu, A 

u, Ag, t **h : &m.zft.h&B,itz{±&&tfm^h 
itbo :©cpp-mra»; Ktii, m.%'y->^v<nm 
m \z m t> h r a» & ^5?-p *g *« # e» n a <o -c- , dz-r l i> 

K2 1, 2 7 S-iSttr-.^^, «»»||«rJ: «?fS)±T*§4 

[0 0 4 0] Ell (b) l±, HI (a) CftCPP- 
MRa? KOC P P-MRJ^g|5»-S-AB S*"<bS^¥® 
iaT-$>a o ^1 7'J-12 3, 7^-tf2 4J3j:t>'m 
2 7'J-|2 5 fc-g-trCP P-MRHIi, 1W^-K 
7XIS (y>- K1K) 2 9, 3 0OHi:Ki?iitv 
ho mi 7'J-|2 3*^1^812 7'J-Jf 2 514, ^~ 

KI29, 3 o»:i ij-^mnajiii^tt^ft^-sfta 

[0 0 4 1 ] ^tlf^CPP-MR'vy KOUJ** 
ii:ov>tlftWt4= (2 2 (a) - (c) 14, KttB* 



(6) 
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*17'J-82-3, *^-*®2 4* ^27'J-®25 

ft^trMRRt, gaiEia® i &mLx\i*&o B2 

*t1-&»£\ El 2 (b) liA 7 K4'7 7yBftt > 
fiSfkfc^)iB»f|l*^±*S:*fTl-&»^. B2 (c) l± 

[0042] H2 (a) - (c) MR|Oit# 

^l&JtClStTiaTOJ: T URfk1"4o H2 (a) UtfS 

U\ *17 y -SisJ:^2 ^ 'J -/i<7>©ft(±<h 4i:7 
•>-/*ffiJUrp]§, SvM-^pfrU^^o H2 (b) izmz 

>ym<om 1 7 y -s^Bft;**^* >*isiuiefkL. h 

U-U >^1R!J<0*2 7y-»<Z>BffcliT?:/;frfS]tf)SS 
*fol*awcjR3Ff?K**o B2 (c) U»S*i*J:} 

mfe^xr^ymtiin^x^htz^t, m\y 

A p =A p max*C0S( 0/2) = ( p AP~ /?p) 

Sri3, A /?liMR %£itz& : MR= {ptp-p?) / p?£ 
m^X, A/j^P'MRIUoTStCkttSio 

[0 0 4 8] SoT> tt^SEftA Vtt**-C***L*o 

[0 0 4 9] 

A V =1 • A i o-I-( /0 AP- / oP)-cos(^/2) (2) 
(2) &frht>fr2> X "9 *lSC/ f *2 7'J-|(^B 30 

[0 0 5 0] CPP-MR^-; K*EfH-a»£\ 

(He), ^«:±Oil^S (TL) , BjKCft 
KMfat^v KMOEJt (MS) . (P 
Wsox B6 CH^SftT^i) , ^^--friBOlSS (t 

spacer) tMlCRStiit^WlCjrio 

[0 0 5 1 ] X^-^/f Ol?£liA^-;^JS!*IT-<0;* kT 

ii, CPP-MRlOf>f^>y3>S:ii«)(:Sgt4 

[0 0 5 2] B5 (a) « l <D%ffi&m Kfc tt £ C 
P P-MRA7 Kfc J:tfESS«#*>'<7> £tf1- 0 
wi-C. 15 (a) UTKSft* J: ^ CPP-MRf 
(ftfr) *D, MoaSfi^FD, 7V- 

JfOJ?££ t freel= t free2= t f > ^y-SOiSSJ^ 50 [0 0 5 8] 
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[0 0 4 3 ] HI 3 U^^ifeffi^OC PP-MRav KcO 
ffiflifcJB (A V = I • A o) tm^^m-to B3*0 
(a), (b) &XZZ (c) XTjkZilZthlJimt. til 
ffil!2 (a) , (b) is XV (c) «j(:it£.U 

[ 0 0 4 4 ] S3 U^StL4ffl*iftJf>a, ffi^OMR^ 

CJWt'CA&o SEot, B«E»W£->*-r^Ui5tt* 

<> eaBfkSr»a-r*wi:*«Brig-c*4o 

[ 0 0 4 5 ] HI 4 (±13 3 tz*Lfcffi»a3B**»^ii&» 
3«r8i9!1-&III"C*&o wOgI(±0 2 (b) UttE&LT 

£*k »i 7y-»oBftfcW27y-«oBfk«iftaE 

[ 0 0 4 6 ] ^C1T% Bl7 , J-8t827 , ;-lOS 

zip, R¥^T-e*^t *o«at»«t* ,<>ap, g*i£tf;^ 
20 i7'J-li*27y -«^Bfb*rtl#«:-*-B 4 o^JS 
[0 0 4 7] 
cos ((9/2) ( 1 ) 

*^~-^Jf <7}J?£ £ t spacer £1-& 0 - O t # . 

v-;v K*KH"Cv*4v»C PP-MRa 7 KlciJttfcB 

[0 0 5 3 ] 
[ftl] 



FD 



tf - t M 



(3) 



[ 0 0 5 4 ] St^coBf^Elw itLlf, ^^-tl^f S(i 
2 n mia± 5.0 n m£lT> ^i:5n mHl 3 0 n mJU 

T L> B*a f fiTt4o ^^-f«Of?^5 0nmJ: 
[ 0 0 5 5 ] ^^-^@(7)15^(i:, (3) X *) Xl&X 

[ 0 0 5 6] 
[&2] 



2 FD 3 



(4) 



Vt-oX 

[ 0 0 5 7] 
[S3] 



* (4) o&mtfTtwm&zmtz'r zt&m 



2(nm) ^ 



2 • FD 2 



M • tf 

1 0 0 G b p s 



<> 50<nm) 



(5) 



(7) 
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/i = 100> t f = 2nm-10nmtt* & OT*> 
KFD«il4 (nm) ^FD^l 60 (nm) tir^o 
10 0 5 9] BK»¥*ft±**4fc#KI;J\ MRRO 
fyxD(i«lIFDJ:n^|vCt^fiL<> D 

-iOf^^^^K LTUv> 0 i fz, MRRWf 
yxD^K 1-*<0-ei*4 < , HI 5 (b) ICS^LfcJ: 
3ICMRR2 0Ofc»U»tt7?y**;«r<r K3 3 £13: 

B«i:*»« * ffl±1" *i & 0 - 

Otft£\ 7 v9 7si?4 K3 3<7)fi?^GDttS 

oT, lOOGbpsi Ja±C0fBi^jS-Cli, D^l 6 
0 nmi/:liD + GD^ 1 6 0 nmtft-6:tWJ L 

10 0 6 0] 125 (a) i:^S*i4C P P-MR 

[0 0 6 1 ] CPP-MRRi:o^Tli, SfSlisJtFSg 
2607U-H2 3, 2 5t:NiFe/CoFe> X^- 
■^il 2 4 tCC u -7 'J -fOl $ t freel= t 

free2= 5 n m, J* ^ - ^/f <0H £ t spacer= 2 0 n 

f7XD=100nm, h y v ^ifl^I^OS £ L = 
100nmi:L/:o A-KA>f7Xl2 9, 3 0 (— * 
IfillcBWifSiitv^) UliCoCrPtRtffl 

K^>f T^ROlf S tbias=4 0 nm, 
-ftM r b ias= 5 0 0 emu/cct Lfz Q dftllilE 

l¥£ t record= 10nm, ^S^ItM r record^ 4 0 0 

e m u/c c , %M<DW% t soft= 1 Onmtl 
tzo ¥v YT%<r>mt<om&\± t a n hlt^L, 3& 
STL=10nma/: o CPP-MR^y Kk«#0 
8^^-»^MS= lOnmi L/c G 

[0 0 6 2] H6^±B20*^-e»&ft&m*iftJB«r* 
-To H6K45^T, (a) liy-;l/K=iL, (b) liv 
-^K*i) (V-^KBH: 7 0nm) , (c)iiv- 
;i/K*5 (v-;w KHR8 : 5 0 nm) X$>h 0 H 6 \zm 

[0 0 6 3 ] (» 2 H7li, IS 2 OH*® 

SIU4m*C P P-MR^-y K£^#*tftffi<h W4ffi 

SB->-^K4 n:«t^lf7-ff^SlSl4 3ri ? S 
*iiSfL-Cv^ 0 « 1114 3 Lt, F77^ 

1^7--^$ti/:gl^54S1ti4 4a, 4 
4 b^MS*itv^ 0 ^1SI4 3, ««JV4 2 4* J: 
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If®, 1 OSaiSSti® 4 4a, 44bii:, TilfcE 5 5 
WlfSLZtlX^ho Ti&m 5 5±U, »17'J-JB45, 
X^-^/g 4 6 45 J: tfS 2 7 'J -JS 4 7 £^frC P P - 

Pi) i:»ot*2 7>j-B4 7 <ommm~i$Lx, m 

<D'*?-->r2tltzm2<nK&mi±m<l 8 a, 4 8b 
«Siiti^c «SB5 7 4JJ:(/*2WK»Bft»ai 
4 8 a, 4 8 b ±11*6*5® 4 9ri f B«;3tt, -tO-»*« 
io ^:i:S27'J-l4 7i;J£-f£fc: J 7 

45 J:O f »2Sffi5 0±U, ±8Bv-;u K5 1 **}BfiJE*tL 

[0 0 6 4 ] 7'j -«43<t O'^^-^SUli, «1<0H 

[0 0 6 5] TttBfcJ: tf«K»*>*mfc LTii, 
1££**:fc;clfT a, Ti, Cu, Ru, Au43±LKC 

rt^ i'bU f i:ftBtttrftfctx.tfN i Fe 
20 n>f) is iO'MSC o Z r N b If *>ft£o 

[0 0 6 6 ] R5fififc1£«fc LTIi, P t Mn#&, P t 
PdMn C r M n CrPtMn I r 

Mn^£, RhMn^i^^fflv^ii^o R5ifiB14JB 

WSio (i) R?Mttft^^lL, 7^>J7^7 
7>f-7 p D-txi:j:i5l/-/^ l/y 

'^-^SrJgJftLfcflfc, l/^F«*t4o (ii) ^ 

30 7 V-i±OftMtR*U KSM8tt#**KLfc 
'J 7 f 1 7 1: J: -9 1 U v ^ h is J: WO±^£M 

[0 0 6 7 ] KttBttfW2:*C2:OPa^Jft$tL&IB 

jftHUIi. S i 1 203*fc'* t fflV^fL*o 4 

[0068] :^CPP-MR^7 KCfcv^rt, -tr> 
y >^»li*l«a4 3 43 J: O** 2 Kffi 5 OUfti^t^ 
C P P-MRKoSB5^-e*4o CO-lr > v>^ffl5li, ^ 
17»J-I45, 7,^-^^ 4 6i^J;^27'J-i4 
7 £^fr 0 /^-^>/Sii/:KaBtt*4 4 

a, 4 4 b, 4 8 a s 4 8 blit>y> Wblif L 
Tff^ffi^tlT^^o L/J^T, ^«0CPP-MR^7 

so # ^ 0 



(8) 



ttBH 2 0 0 2 - 3 1 9 1 1 2 
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[0 0 6 9] 35 1 OS»S8ttlB 44a, 44bl±« ® 1 

7 'j 4 5 <r>wi^(r>m\ti:mm-t z> w t x <o , -t 

4 8 b (i, SS 2 7 >j -/i 4 7 <Dfl5S8ffl5«Og*ffc£@sf 1" 4 

rtictfj, -b>>>^sB (mmtD^&m izng-t-z 

fc-r#|fi]i::«ft**t£*tt5-1-*o » l 7 -»S 4 5 is 
J:0 f »2 7'J-*4 7ICft#S#i4ffi«fl*ttW*iaj io 
l±. «Ef*:i-K6jE^'biS!loTIIlJ4 5° ^Sv> 

007 'J -JBUft4-$*i4ejK»^rtto*|flj3i««:i-ftJS 
(±, t3&t*6 0° - 1 2 0° <0fEH-C$>fLli , «tv» o 

[0 0 7 0] AtefljUli, T-- ') >VIZ X of£&&' 
t£V t 7 'J-gi:«0£8Mt£-£flJffl Lt, 7 >) -id 
4lll*it*ft4-i-4o C<D/.:a6, £l 7V-S4 S & X 

xfw,2 7 >j -m 4 7 u-f-n-r^je^Tftt^w-^-t-s. i 

-?t-, 2SPg<7)T--^7!iqf^)tl-5. 0 117 

•J v^UJ:o-CiM»<:$»tfcv*J: 3 U, IS 1 <DK3mi± 
144a, 44btS2 <7)K5Jtmt£Jf 4 8a, 48bt 
<0|yjT, KiP«-?ex.S7J>J /-liffi^c-S-^x., 7n 7 4> 

[0 0 7 1] @7(:SfiTi:, m<r>/*?-- >*f£ 

«:i#»iU>. 2o<OS?4jS14ft:^r a 1<75S§SSiL{i, 
0. 5, u mITT-*.5.:tii { ffiU'o L^*0. 5 m 
«t*)7C^v^t, 2oc9R5AfiB14«raKftfE1--£.7 U -Jg 30 
0««;**tt*«l»-J-*ii:7i*H«C«:i), 7 'J 

X«-5l§je--To S/-:, — tefltJtcil^kT >IS£-JH±0. 
2 mJ-;JlT<!:^:b;ft.Tv>.z><7)-t\ L l± 0 . 2 ^ mWTT- 

[0 0 7 2] #cd, **lftJgS80CP P -MRa-; 

[0 0 7 3] H 8 iJ J: crH 9 SrfMBLT, 40 
[0074] 0 8 «±, (2I7<75CPP -MRav KlC-fctt 

gl7'J-i45iS27'J-l4 7 S-«Jfe^H Lt^ 
LTv^ 0 Ltf»U nm~i±tiS 1 7 'J -Jg 4 5 fc&2 7 
'J-i4 7liIioT^4, H8U-fc^-C, *17'J- 
*4 5W«*JI*ttO*ia]li«E*WStffiK*tL-C#!j+4 
5° <fU&±fi|*. *2 7';-ll4 7©«iK»*tttf>*l*J 
(i&ft=ttJ5t®i:*f LTft- 4 5° £4#±|3]£ t«rotV> 50 
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oo L/ji^T, 3? 1 7 'J — /s3 4 5 c05£3vS;77t£O7j [6] 

[0075] B9li, SS^ii liUKHSttm* 
1 ^7U -i^tfSC PP-MRav Ki:J:4 

[0 0 7 6] -^ 7 Kd<7 -y 7-Sgft<0,^ < gBfl«BE*>±:tr 
«rJfcfTl-*»a\ *17'J-«4 5«OflBffc#flJi:S&2 7 
M -/l 4 7tOfigft73f6](ii: l-T-v 7°^f6) i;|fi)V'T5i> 

■f, 

[0 0 7 7] K*«ffifta»ffl«0±**«fT-r4» 
£\ $ 1 7 'J -| 4 5 <Ofigffc^|6] tg27'J-!4 7 O 

(a-or-^-So 

[0 0 7 8] A7Fm >ffiffcO« < 8e»8SEW±* 
*1 7'J-*4 5<75^fb^[6]t»2 7 

y -n 4 7oiSft7j[6]ii7k¥-ei:^izs^f 

ffi:fc®j±f±+ Vppt v^SiSffl«r^-to 
[0 0 7 9] 7 H«-^jajK*ttai"i-*i t CJ: 

-So CO|ifW,aSrffli/^«-S-, S330i^ 1 7 'J -/5 4 
5 itz\t%2 7'J-|4 7i'5iT8'/-* K4 1 itzli 
±g|5->-;UK5 1 ^^S£^*«OT*» 1 *f<7)fi£&v-JU K 

[0 0 8 0] HI OtsHVm 1 1 tiiLt, «4*fiB^ 

s-^ai-r-5^*<o^2<o^stzov>-csi^i-So 

[0 0 8 1 ] HI 0(±, EI7C0CPP-MR^-7 h'{Z)3 

»t* i Wo 7 'j -*nf+-5-s*i*««*^tto*iai«5flb 
oeaj^^-rm-eiSo m 1 o u&n-c, ii7>j 4 

5^IM»*fiUMJ4tiiIi:}tUIH4 5° 

£H6±ifi)#, ^2 7>;-s4 7 <Dm^mj;&<vjjmti& 

Lfcri'oT, gl7'J-S4 50ffi^tt^|6lt8 
2 7 ') -| 4 7W«*»*tt0^mii«{?K*LTv» 

[0082] HI 1 l±, ilOOii UOEfcW^tea'f* 
^■*iifel*t0 7';-JB*^-f 4CP P-MR^ y Kt: 

[0083] ^7 k?5^7 >mtfrbr v -fmt^nm 
mm^i.^imi-fh^. Si7'j-g4 5 w«ik 

77iS]i:SlS27'J-Ji47 W«fb*iajli t t l-7K¥T-^F?f 

[0 0 8 4] ^7 K7) f T v -ftiHtttzlttr*? >miti>m 
< E»eEO±**JfefTi-*»^, Sl7'J-§45« 
S*ft7J[6]i:^2 7 -Ig 4 7 <OSifk^rfi](±HIJE5c Lfz 

ttx-hh<n>x-, ttJ7j^J±(±ia{?0T*>4 o 
[0085] ^ > h'vr v -rmtfrb >%nt^<r>m 
&m®<o±ij*Mft-rz>tgi&* ^i 7'j-§4 5<omit 

7f|S]li±fS]^, %2 7'J-14 7<7)E8ft^|fi]tiTf6)# 



(9) 
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[0 0 8 6] Ji±OJ:d^«-tBt*«r«aii- ZZtiZX 

«rfllv*4»£\ &3£ti® 1 7'J-14 5*fc»2 7 'J - 
147^ ^:lig27>J-g47^b|17'J-i4 
S^tyfEfticOT-, 1 WOfiSStv-;v Kli-lZ-i* LfcKit 

[0 0 8 7] (IfeaXttJBS) B12B, ttOXIti&S! 
<7)C P P-MRA7 Kdfflv><b;M&C P P-MR)jg£ig io 
#**ffi]ffiuSia«:ffi-effl»fLfc»rffiH-e**o H 1 2 *> 
CPP-MRMii, HI (a) <hHWU> TMi« 3 K 
*17'J-B23, 7^--*Jf 2 4, K 2 7 'j - V 2 
5 , fSSH 3 2 *M*JiSiiTv** 0 L**U SI 1 2 <OC 
P P-MRR-Cli. ^^-ti2 4^n-fii^l7'J 
-123 £*:li*2 7 y -*4:«1-A 1 WO* 1 

J:^i:|«Sfifc*2^-tl2 4 b t^ttf3ii 

[0 0 8 8] iitLfcJ: ^ 2 <> 
Ojt*»BU«*C P P-MR^y-K*»W-i"*±"T# 

[0 0 8 9] Xbr>ffiftft#ftv^#»i: LtliA 1 , M 
g. Be, C a O J: ^ 4Kf lO/hSv^jS^feSr^^ 
mitzli*hbi^1j£n%>&&tfmfbti2>o A l , 
Mg, Be. C a co* t: >tS;fScSli, ^iS"C^ 2 0 0 n 
mm&T'&Zo feoT, j*'* — 8i:A 1 ttzit 

©V> Cu/Au, Ag> Rh, Ru, I r £*0*tW- 

[0 0 9 0] L^fg»«igi: LX. [ft 1 

-Wl2X^-W^U^-ff] <D3«8ii 

g, Rh, Ir, R ufrt?M1R2iiZ>£m&M^bfL 
ho »2^^-tii:{i, AL Mg\ Be. C afrh 

[0 0 9 1 ] ftl x^-^SOSglltix tf >i£ffcfi£-C 
**«»tfttfi-7tai)Hl 0 nm&T-e** L 

[0 0 9 2] 7'J-8^t , >ttStSt#It 
CPP-MRS07'J-l^^-tiOlfO 
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7 'J -®<0*&£UliR u Jf <T>mm t X^-+f®m<D&V£ 
[ 0 0 9 3 ] *««0«lOXtfe^aSUffi&iS^t)ttt* 

^7 Kutt. s i 3 *fc«H i 4 ic*Lfce*«0t*b* 

[ 0 0 9 4 ] H13(i, S17'J-|6K A I 2O3& 
t , 0»ft*"C»Jjt$nfc^^-+B 6 2 £ J: CTSS 2 7 'J 
-«6 3«r»»Lfch>*^fia*;JSflt»*K (TM 
R) OfIHt*So TMRSrii, *^ffitt<r#*i" 

4 l^o *^--*JB6 2 tlli, /:>x.lfA 1 203«:fO 
Al»fb», Fe3044t^Fe8(fc», LSMOftf 

[0095] H 1 4 li, IB 1 3 tm««:flliSS:*i-4T 
MRRt*4^ ^^-^162Ht [4S162a 
/Kfb»itS^*i^^ft»» 6 2 b/:£:JgB 62a] O 

6 2 bl±dZ-rLtil*ll!l-C*-6^Rli*<, 3P»«"C* 
otti^o ttfttt*4fcii*yfl:ftJS6 2 brt'iEttK 

[0 0 9 6] sMSWKfli* CPP-MRA7 K* 

[0097] HI 5 (a) liCPP-MR^7 K&ffflR 
— 9 T — -U 2 o l ii, S5^t-v x^ggi*i^@3g$it-H 

0 1 »*Zli*X^> v a > 2 0 2 ri*H£S*lTV* 

t^^>">3> 2 0 2 <05fc3&CliC PP-MRA7 
KtSttLfc^y K^7>f /2 0 3 f+tt <b*iTv> 

io J va > 2 0 2 Ulifl-f-cOS^dicfcis 

J:^K»)ffl(OV- K«2 0 4 t5 c E«$<x. CO'J- 
K«2 0 4 O-SB ti^-y K*7-f ^2 0 3 U»*j&4*L 
fcCPP-MR^y KO*«fii:««?ji, "J -KIR 2 
0 4 OttJB y K 2 0 5 KS£c£*lTV** 0 

[0098] 1115 (b) liS 1 5 (a) ^7T^m%^ 

Sr^i-^fSB]-e**p ^t-W X ^ 2 1 lliXk:> 
2 1 2(1^^^^, B^Lft^JEttttBlHIfWffi^&OlHl 

n^x-H-i,201 ii@^«2 1 3 tiH^StL, 
t^>'>3> 2 0 2 *5J:0 f -?-C05feJ»<O'sy KX7>f/ 
2 0 3 ^^^#LTv^i 0 BSfV^ 2 1 1 * f 0(E1-& 



(10) 
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2 1 l<7)«ffi^»bj?f«Si?±L^.1^-C^#^it, 
•*>K»B£«rfTTo r^-f-ai-irj-A 2 0 1 Ogfll 
ui±U ~T^e- * co i it^^^^n-f ;u^e- * 2 l 
4 ^gltbiltv^o 1 4 liT ? 

^jljh- *T- A 2 0 1 <0**kf >«U«S±tf •bil/jd 

i^«2 1 3 ^±T2 fS^f(:Kltbti/jE]7F L^v^+'~- 10 
vu^y 'J J: otlSJf^tL, ^'-T^n-Ol^-* 2 

1 4 KJ: >)EllRltlft* c aft^-e*-& J: o Ciott^o 
[0 0 9 9] 

-J" -2) m^ISiiS^^ ft tftfttiCi: i<T # £ 0 

[bi] fitioiitt^iRicijtt&Sitasasftttftfli 

H (CPP-MR) a-; K«r«E#itl6lffilcSi|[4:ffi-C«I 20 
KfLfcBfffiBk i3i^OCPP-MRA7 KOCPP 
-MRK*«E#itfilE^?>« 1 fc 5 Fffiiao 
[12] S 1 t IBS C ii C P P - M R ^ 7 KC 

ft «: RE i~ * * <0*5t Ho 

3] *RlO||Jfiff^S^i3tt*CPP-MR^y KO 

[13 4] B3US5Lfcma*JB*«»feft*KatRW1- 
2>fzt6<D H 0 

[05] (a) OHJ6?g!gtii3it* CPP-MR 30 

K4J icrB^fleo/<?*-**^1-Hk (b) *i 

[06] 05 (a) ^*ft-C»e>ii&m*ift3g«:*-r 

Ho 

[17] *2 03tttJBSRKiJlt&CP P"MR^7 K* 
«6#»l<dBi:TffftB-CiBI(fL/;l(fBiao 
[118] EI7C0C P P-MR^7 KK£*t* 1 W0 7'J 

[0 9] H8U*1-J:d^««**tt3& f ft*S^fclW- 40 
[0 10] i70CPP-MRA7 Ki:i5lt-5 1W7 

0o 

[0 1 1 ] 0 1 0 u^-r -t 9 t:i^i^ttW4 s ft* 

1^7'J-i?:^t^CPP-MR^7 K*iJ:*aa 
[0 12] «OjtJfc»»UiJ»t4C P P-MRKOBfB 

0 O 50 
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[0 1 3] (l!i6O^4Mi?^t-iott4TMRg5^ltlfffu0o 
[0 14] flb^ltiSKffi^isitSTMRROltlflliao 
[0 15] *5&<fl^-*tftff^J85-^4C P P-MRA7 
KfcffULfcfiiK^-y KT-fc > 7*'; <o»SS, iS-fctfia 

[0 16] a*OSV-MR^f K^)»iaSr*i-RB» 

0o 

[0 17] SV-MRA7 KC J: 0f#h>lL«Ul*fftfl2fSr 

[S*OHffl] 

1 -SEIEflM 
2-lkBtt«*T%Jl 
1 0-S V-MR8 
1 1 -S!fi»tt* 
1 2 kf >fg 
1 3 —Ts^-^m 

1 4 —7 ] ) -Jf 

15,1 6 K 

2 1 •••TaSMtv-JU K 
2 2 »•« 1 

2 3-»i«fti*« (*i7'j-m 

2 5-*2«ftaS« (*27'J-1) 
2 

2 7-±»«*C->-;i> K 
2 8-M4RR 

2 9 , 3 0-/N-K^7XR (a- KR) 

3 1 —Ti&m 
3 

3 3-«»7 7 y K 

4 1 T35 ->-;!✓ K 
4 2%«£« 
43$lti 

4 4a, 44bgl 

45«17»J-i 

4 6 *^--»t-Jf 

4 7 12 7'J-g 

4 8a, 48 b£2 COR3*«8f£S 

4 9 KJM 

5 0^2 «S 

5 l ±«v-;u K 
5 5TS&J1 

5 7 «RJ| 
6l|17'J-i 

6 2 *^--*Jf 
6 2a 

6 2 bRft»«*fctt-f-yffc«* 
6 3 m 2 7 'J -Jf 

2 0 1 -rnax-n-^ 

2 0 2 v 3 > 



(11) 
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2 0 3 -^7 K*7-f 
2 0 4— U- KiS 
2 0 5— K 
2 1 1 -8B5Kf -f 



20 



* 2 1 2 — X fcf > 
2 1 3-H5eW 
2 l 4-#^3^;k-^ 



[mi] 



[B2] 



111 3] 



31TttJS 

/ 




24*^«-*-JI 
(a) 



25 — 
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25 24 23 
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tr 


4 





— 1 2D£«I 



tr 


tr 







25 24 23 



4 



tr 
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jj - 



— 1 



62 




1 



-61 



[fa i 4] 

62 



n 

62a ^ 62a 



[13] 



[13 4] 



Av 



r 

(a) 




(c) 



tflinie) 



i 



—23 K 1 7 y-H 



2— \ 



--25*2 7'J- 



[08] 





ABS 
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